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NASA/ARMY XV-15 TILT ROTOR RESEARCH AIRCRAFT 
WIND-TUNNEL TEST PROGRAM PLAN 

la 

AVR DCC 

James A. Weiberg 
Ames Research Center 

and 

Mart in  D. Maisel 
Ames Research Center 

and 
Aeromechanics Laboratory 

Research and Technology Labora tor ies  

1. PROGRAM SCOPE 

The j o i n t  NASA/Army XV-15 T i l t  Rotor Research A i r c r a f t  P r o j e c t  involves 
design,  f a b r i c a t i o n ,  and f l i g h t  test  of two e s s e n t i a l l y  i d e n t i c a l  a i r c r a f t .  
The o v e r a l l  p l an  t o  implement t h i s  program i s  documented i n  r e f e rences  1 
and 2. A T e s t  and Evaluat ion P lan  ( r e f .  3) o u t l i n e s  t h e  tests t o  ensure  t h a t  
t h e  XV-15 T i l t  Rotor Research A i r c r a f t  w i l l  m e e t  t h e  requirements of t h e  Pro- 
gram Plan and t h e  Contract  Model S p e c i f i c a t i o n  and Statement of Work. A s  p a r t  
of t h i s  p lan ,  one of t h e  a i r c r a f t  w i l l  be t e s t e d  i n  t h e  Ames 40 x 80 Foot Wind 
Tunnel. These tests are t o  provide an  i n i t i a l  assessment of t h e  aerodynamic 
c h a r a c t e r i s t i c s ,  s t r u c t u r a l  l oads ,  and rotor/pylon/wing dynamics i n  a simu- 
l a t e d  f l i g h t  environment f o r  c o r r e l a t i o n  wi th  est imated values.  The r e s u l t s  
w i l l  be used f o r  eva lua t ion  of t h e  adequacy of preduct ion  methods p r i o r  t o  
f l i g h t  tests .  The tunne l  speed c a p a b i l i t y  inc ludes  a l l  c r i t i c a l  conversion 
and high b lade  load  areas. 
t i o n a l  ope ra t ion  of t h e  a i r c r a f t  systems and on-board ins t rumenta t ion  i n  a 
f l i g h t  environment. 

The t es t s  w i l l  a l s o  se rve  t o  v e r i f y  t h e  func- 

Addi t iona l ly ,  i f  problem areas are la ter  encountered during t h e  subse- 
quent f l i g h t  tests,  o r  i f  i t  is d e s i r a b l e  t o  i n v e s t i g a t e  areas t h a t  can be 
more s a f e l y  accomplished i n  t h e  wind tunnel ,  t h e  a i r c r a f t  can aga in  be put  
i n t o  t h e  wind tunnel .  

The purpose of t h i s  document is t o  d e f i n e  t h e  management s t r u c t u r e ,  oper- 
a t i o n a l  p lan ,  support requirements and r e s p o n s i b i l i t i e s ,  s a f e t y  p rov i s ions  and 
r epor t ing  requirements f o r  conduct of t h e  wind tunne l  tests and t o  relate t h e  
tests t o  o t h e r  phases of t h e  program. 

2. APPLICABLE DOCUMENTS 

The fol lowing documents, t o  t h e  e x t e n t  app l i cab le ,  are made a p a r t  of 
t h i s  plan.  Latest  r e v i s i o n s  of t h e  r e f e rence  documents w i l l  apply. 
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Ames Research Center ,  Guide f o r  Planning I n v e s t i g a t i o n s  i n  t h e  Ames 
40 x 80 Foot Wind Tunnel. 

Planning Rotor T e s t s  f o r  t h e  40 x 80 Foot Wind Tunnel. 

AHl3 1750-1, Ames Research Center ,  Operat ions Sa fe ty ,  40 x 80 Foot Wind 
Tunnel. 

NHB 1700.1(VI), NASA Sa fe ty  Manual, Volume 1, Basic Sa fe ty  Requirements. 

Appendix V ,  XV-15 System Safe ty  and R&QA Plan,  Contract  NAS2-7800 
Statement of Work. 

AHB-6540-1, NASA-Ames A i r c r a f t  Maintenance and Inspec t ion  Manual. 

XV-15 Maintenance and Inspect ion  Manual. 

BHT Report No. 301-099-003, Pre l iminary  I n t e r f a c e  Control  Document f o r  
GFE/CFE Research Ins t rumenta t ion .  

BHT Report No. 301-959-001, XV-15 A i r c r a f t  Fuel Cells, Draining, Purging 
and Pressu r i z ing  Procedures. 

XV-15 F l i g h t  Operators  Manual. 

BHT Report No. 301-993-001, Ground Tiedown A i r c r a f t  T e s t  Plan f o r  XV-15 
(Model 301) A i r c r a f t  No. 1, P a r t  1. 

Assembly Inspect ion  Logs (AIL) ( A i r c r a f t  S t a t u s  Book). 

F l i g h t  T e s t  Workbook ( A i r c r a f t  Service  Workbook). 

3. MANAGEMENT AND TEST DIRECTION 

The T i l t  Rotor Research A i r c r a f t  P r o j e c t s  Of f i ce  w i l l  have primary man- 
agement r e s p o n s i b i l i t y  f o r  t h e  XV-15 Wind-Tunnel T e s t  Program. This program 
w i l l  be  supported by t h e  Contractor  and personnel  of t h e  40 x 80 Foot Wind 
Tunnel, w i th  a s s i s t a n c e  from elements of t h e  A i r c r a f t  Operat ions Divis ion  and 
t h e  Research F a c i l i t i e s  and Ins t rumenta t ion  Divis ion  of Ames. Coordination of 
t h i s  e f f o r t  w i l l  be t h e  r e s p o n s i b i l i t y  of t h e  P r o j e c t  Off ice .  The management 
s t r u c t u r e  f o r  t h e  Wind Tunnel T e s t  Program is shown i n  f i g u r e  3-1. The prin-  
c i p l e  elements of t h i s  s t r u c t u r e  are descr ibed  i n  t h e  fol lowing paragraphs. 

3 . 1  P r o j e c t  Manager 

The P r o j e c t  Manager is re spons ib le  f o r  t h e  o v e r a l l  ope ra t ion  of t h e  Proj-  
ect Of f i ce  and coordina t ion  wi th  t h e  Contrac tor  and suppor t ing  elements 
wi th in  NASA and from o t h e r  government agencies.  

2 



3.2 Deputy Manager (Technical)  

This Deputy Manager i s  r e spons ib l e  f o r  planning and coord ina t ing  t h e  
Wind-Tunnel T e s t  Program, inc luding  o rgan iza t ion  of t e c h n i c a l  support  and 
suppor t ing  r e sea rch  e f f o r t s .  This  inc ludes  t h e  e f f o r t  provided by the  Pro j-  
ect Off ice ,  t h e  Cont rac tor ,  t h e  wind-tunnel s t a f f ,  and o t h e r  ARC suppor t ing  
personnel .  

3 . 3  Deputy Manager ( T e s t  and Operat ions)  

This Deputy Manager has primary r e s p o n s i b i l i t y  f o r  p r o j e c t  coord ina t ion ,  
management c o n t r o l  systems, a i r c r a f t  con f igu ra t ion  c o n t r o l ,  r e sea rch  i n s t r u-  
mentation, Government Furnished Equipment (GFE), A i r c r a f t  Ground Equipment 
(AGE), P r o j e c t  Of f i ce  e f f o r t  r e l a t e d  t o  r e l i a b i l i t y  and q u a l i t y  assurance,  
and test  s a f e t y .  

3 . 4  T e s t  D i r ec to r  

The T e s t  D i r ec to r  is  r e spons ib l e  f o r  t h e  P r o j e c t  Of f i ce  support  and 
coord ina t ion  of t h e  p repa ra t ion  f o r  and conduct of t h e  wind-tunnel tests. 
This  inc ludes  : 

- Prepa ra t ion  of a T e s t  P lan  and Schedule. 

- Prepa ra t ion  of t h e  Ins t rumenta t ion  L i s t  w i th  p r i o r i t y  requirements 
f o r  d a t a  c o l l e c t i o n ,  reduct ion ,  a n a l y s i s ,  and r epor t ing .  

- Completion o r  reviewing of t h e  Systems Sa fe ty  Analysis ,  test l i m i t s ,  
and emergency procedures.  

- Conduct of p r e- t e s t  s imula t ions  f o r  test crew and opera tor  t r a i n i n g  
i n  opera t ing  and emergency procedures.  

- Support t h e  Wind-Tunnel T e s t  Readiness R e v i e w  and Report w i th  
necessary documentation r e l a t i n g  t o  e l imina t ion  of hazards  o r  
minimizing r i s k s  d i sc losed  by t h e  Systems Sa fe ty  Analysis .  

- Monitoring p repa ra t ion  of t h e  a i r c r a f t  t o  a s c e r t a i n  t h a t  t h e  
provis ions  f o r  t e s t i n g  w i l l  m e e t  t h e  requirements of t h e  test 
o b j e c t i v e s  and t h a t  t h e  a i r c r a f t  is ready f o r  test.  

- With t h e  test engineers ,  provide support  f o r  each s h i f t  during 
conduct of t h e  tes t  t o  monitor ins t rumenta t ion  d i sp l ays  t o  
determine t h a t  t h e  tes t  i s  being conducted wi th in  e s t a b l i s h e d  
limits and a s c e r t a i n  any requi red  modi f ica t ions  t o  t h e  T e s t  P lan  
and Schedule as d i c t a t e d  by test r e s u l t s  o r  hardware/instrumentation 
problems. 

- A s s i s t  i n  p repa ra t ion  and review of t h e  r e p o r t  p resent ing  t h e  
r e s u l t s  of  t h e  wind-tunnel test.  

3 



3.5 T e s t  Engineers 

T e s t  Engineers i n  support  of t h e  T e s t  D i r e c t o r  are re spons ib l e  f o r  t h e  
e f f o r t  i n  t h e i r  area of d i s c i p l i n e  including:  

- Dynamics and s t a b i l i t y  and c o n t r o l  
- Aerodynamics and performance 
- A i r c r a f t  s t r u c t u r e ,  s t r u c t u r a l  dynamics, and a e r o e l a s t i c s  
- A i r c r a f t  systems 
- Ins t rumenta t ion ,  d a t a  a c q u i s i t i o n ,  reduct ion ,  and a n a l y s i s  

3 . 6  P r o j e c t  Control  O f f i c e r  

The P r o j e c t  Control  Of f i ce r  i s  r e spons ib l e  f o r  a r ranging  f o r  procure-  
ment, t r a n s p o r t a t i o n ,  sh ipping ,  and s to rage  of p r o j e c t  hardware and spa re s  
and main ta ins  d i s t r i b u t i o n  c o n t r o l  of t h e  Wind-Tunnel T e s t  Documentation. 

4.  OPERATIONS 

The Wind-Tunnel T e s t  Program inc ludes  p repa ra t ion  and checkout of t h e  
a i r c r a f t  and systems, inc luding  s p e c i a l  ins t rumenta t ion ,  remote c o n t r o l s  and 
o t h e r  special  hardware requirements f o r  t h e  conduct of t h e  tests, d a t a  acqui- 
s i t i o n  and a n a l y s i s ,  r epo r t ing ,  and pos t- te s t  refurbishment .  P repa ra t ion  f o r  
t h e s e  tests w i l l  fo l low t h e  requirements of r e f e rences  4 and 5 .  

4.1 Schedule 

The d e t a i l  schedule f o r  accomplishment of t h i s  e f f o r t  is  shown i n  
f i g u r e  4-1. The r e l a t i o n  t o  t h e  o v e r a l l  program schedule is shown i n  
f i g u r e  4-2. The va r ious  phases of t h e  program leading  t o  t h e  Wind-Tunnel 
T e s t  are descr ibed  i n  t h e  fol lowing paragraphs. 

c 

4.1.1 Ground tiedown tes ts-  Following completion of t h e  a i r c r a f t  f i n a l  
assembly, t h e  i n s t a l l e d  systems w i l l  be  t e s t e d  by t h e  Contractor  f o r  i n t e r -  
f a c e  compa t ib i l i t y  and f u n c t i o n a l  ope ra t ion ,  inc luding  proof loading and cali-  
b r a t i o n  p r i o r  t o  ground t e s t i n g  of t h e  complete a i r c r a f t .  The tiedown tests 
w i l l  be conducted a t  t h e  Cont rac tor ' s  f a c i l i t y .  The purpose is t o  ensure  
proper  func t ioning  of a l l  t h e  a i r c r a f t  systems during h e l i c o p t e r ,  conversion 
and airp1,ne modes t o  ensure  t h a t  t h e  a i r c r a f t  is s a f e  f o r  wind tunnel  t e s t i n g  
and explozatory f l i g h t  t e s t i n g .  For t h e  ma jo r i t y  of t h e  ground tiedown tests, 
ope ra t iona l  c o n t r o l  of t h e  a i r c r a f t  w i l l  be  by a p i l o t  i n  t h e  cockpi t .  

For a po r t ion  of t h e  tiedown tests of t h e  wind-tunnel test a i r c r a f t ,  t h e  
remote c o n t r o l  system and in s t rumen ta t ion  f o r  ope ra t ion  of t h e  engines and 
f l i g h t  c o n t r o l s  during t h e  wind-tunnel tests w i l l  be  i n s t a l l e d  and function-  
a l l y  checked f o r  proper  ope ra t ion .  This  checkout w i l l  d u p l i c a t e  wind- tunnel 

4 



ope ra t ion  except  t h a t  t h e  ground tiedown tests w i l l  u t i l i z e  t h e  on-board f u e l  
and hydraul ic  systems. Operat ion under remote c o n t r o l  w i l l  be  conducted t o  
demonstrate hardware r e l i a b i l i t y  and t o  t r a i n  personnel  t h a t  w i l l  o p e r a t e  t h e  
a i r c r a f t  i n  t h e  wind tunnel .  

4.1.2 Disassembly, Inspection and Shipment- Upon completion of t h e  
ground tiedown development tests, t h e  a i r c r a f t  w i l l  be  disassembled by t h e  
Contractor  and a complete teardown and in spec t ion  w i l l  be  made of t h e  r o t o r s ,  
t ransmiss ions ,  d r i v e  system, and r o t a t i n g  c o n t r o l  components. The inspec ted  
components w i l l  be r e fu rb i shed  o r  rep laced  as deemed necessary.  
i n spec t ion  w i l l  be conducted appropr i a t e  t o  t h e  accumulated ope ra t ing  t i m e  o r  
t h e  s e v e r i t y  of t h e  opera t ion .  The a i r c r a f t  w i l l  then  be  broken down i n t o  
components and shipped t o  NASA/Ames by t r a n s p o r t a t i o n  s u i t a b l e  t o  t h e  Govern- 
ment. An MTAR f o r  disassembly, c r a t i n g ,  packaging, tiedown, shipment, and 
reassembly w i l l  be  provided by t h e  Cont rac tor .  These t a s k s  w i l l  be witnessed 
and approved by t h e  Con t r ac to r ' s  QA Inspec tor .  Packaging and shipment w i l l  
a l s o  be witnessed and approved by t h e  Army B e l l  P l a n t  A c t i v i t y  QA. 

Engine 

4.1.3 &assembly and Checkout- Af te r  shipment and a r r i v a l  a t  Ames, the  
a i r c r a f t  w i l l  be  reassembled by t h e  Cont rac tor .  Af t e r  assembly, a ground 
checkout w i l l  be  conducted us ing  the  remote c o n t r o l s  and c o n t r o l  sonsole  t o  
f u n c t i o n a l l y  v e r i f y  proper  ope ra t ion  of a l l  systems. Although t h e  a c t u a l  
tests w i l l  be conducted i n  t h e  Ames 40 x 80 Foot Wind Tunnel, o t h e r  f a c i l i t i e s  
a t  Ames w i l l  be u t i l i z e d  during t h e  bui ldup,  p re- te s t  o p e r a t i o n a l  checkout and 
t h e  pos t- te s t  refurbishment .  These inc lude  t h e  s t a t i c  o r  tiedown test f a c i l -  
i t ies  is shown i n  f i g u r e  4-3. The ma jo r i ty  of t h e  assembly e f f o r t  w i l l  be i n  
t he  v e h i c l e  assembly bui ld ing .  This  s i t e  is  equipped wi th  f u e l ,  power and 
po r t ab l e  hydrau l i c s  s o  t h a t  pre l iminary  checkout of t h e  a i r c r a f t  and systems 
f o r  func t iona l  ope ra t ion  and c a l i b r a t i o n  a l s o  can be conducted. The ex ten t  
of t h i s  checkout and t h e  f a c i l i t i e s  used w i l l  be  determined by mutual agree- 
ment between t h e  T i l t  Rotor P r o j e c t  Of f i ce  and t h e  wind-tunnel s t a f f .  
i t  is  more expedi t ious ,  p a r t  of t h i s  checkout may be conducted i n  t h e  wind 
tunne l ,  such as f i n a l  ins t rumenta t ion  checkout and c a l i b r a t i o n .  

I f  

4.1.4 Wind-tunnel t e s t s-  Following completion of t h e  reassembly and 
i n i t i a l  checkout,  a T e s t  Readiness Review w i l l  be conducted. This review 
w i l l  be i n i t i a t e d  by t h e  Large-Scale Aerodynamics Branch T e s t  Operations 
Group P r o j e c t  Engineer and w i l l  be  conducted i n  accordance wi th  r e f e rence  4. 
The review se rves  t o  a s s u r e  t h a t  a l l  a s p e c t s  of test ope ra t ion  s a f e t y  have 
been proper ly  considered.  Ames, Cont rac tor ,  and P r o j e c t  Of f i ce  personnel  
w i l l  review, i n i t i a l  and d a t e  a l l  i t e m s  on t h e  T e s t  Readiness R e v i e w  Form 
p e r t i n e n t  t o  t h e  test. Ames management approval must be  received before  tests 
w i l l  be permi t ted  t o  start .  

4.1.4.1 I n s t a l l a t i o n  and p re- tes t  checkout: The a i r c r a f t  w i l l  be  
moved from t h e  assembly bu i ld ing  t o  t h e  tunne l  and i n s t a l l e d .  Control  and 
ins t rumenta t ion  l e a d s  w i l l  be routed from t h e  a i r c r a f t  down t h e  support  
s t r u t s  t o  t h e  c o n t r o l  room. They then  w i l l  be  connected t o  t h e  c o n t r o l  con- 
s o l e  o r  t h e  app ropr i a t e  wind-tunnel ins t rumenta t ion  f o r  d a t a  reduct ion ,  anal-  
y s i s ,  monitoring and recording.  The ins t rumenta t ion  is descr ibed i n  more 
d e t a i l  i n  s e c t i o n  4.2.6. Again t h e  systems w i l l  be  checked f o r  con t inu i ty ,  
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func t iona l  ope ra t ion  and c a l i b r a t i o n .  Following t h i s ,  a shake tes t  w i l l  be  
conducted. 

4.1.4.2 Shake tests: A dynamic shake test  of t h e  combined air-  
c r a f t ,  t unne l  support  system and balance system w i l l  be  made a f t e r  t h e  air-  
c r a f t  is i n s t a l l e d  i n  t h e  wind tunnel  and p r i o r  t o  wind on t e s t i n g  t o  v e r i f y  
predic ted  mode shapes,  f requencies  and damping va lues  of  t h e  a i r c r a f t  as 
mounted i n  t h e  wind tunnel .  These tests w i l l  be  conducted wi th  t h e  r o t o r s  
o f f  and wi th  weights  a t t ached  t o  t h e  r o t o r  hub s p i n d l e s  t o  s imula te  t h e  r o t o r  
mass. 
wind-tunnel shake tes t  procedures  and d a t a  a n a l y s i s  system as descr ibed  i n  
r e f e rence  6 .  

The shake tests w i l l  be  conducted by t h e  wind-tunnel s t a f f  us ing  t h e  

Exc i t a t i on  w i l l  be app l i ed  t o  t h e  r o t o r  hub and/or  s e l e c t e d  air- 
plane  p o i n t s  wi th  e lec t ro- hydraul ic  a c t u a t o r s .  Accelerometers and/or  s t r a i n  
gages w i l l  be  used t o  measure t h e  appl ied  f o r c e  and s t r u c t u r a l  response. 
S t r u c t u r a l  damping w i l l  be  determined us ing  t h e  wind-tunnel Dynamic Analysis  
System (DAS, r e f .  4 ) .  The d a t a  w i l l  be used f o r  comparison wi th  pre-test 
a n a l y s i s  and i d e n t i f i c a t i o n  of frequency placements wi th  r e spec t  t o  r o t o r  
r o t a t i o n a l  speeds t o  ensure  t h a t  resonant  v i b r a t i o n  levels w i l l  no t  occur f o r  
ope ra t iona l  r o t o r  speeds. I f  resonance problems a t  ope ra t ing  cond i t i ons  are 
i d e n t i f i e d ,  they  w i l l  be  co r r ec t ed  i f  f e a s i b l e  o r  t h e  test p l an  w i l l  be 
modified . 

4 . 1 . 4 . 3  T e s t  opera t ions :  Af te r  t h e  shake tests, t h e  b lades  w i l l  be  
i n s t a l l e d  and runs made, wind-off, t o  check r o t o r  t r a c k  and balance. A 
func t iona l  check of t h e  ins t rumenta t ion  i n  t h e  r o t a t i n g  system w i l l  a l s o  be 
made. 

Tes t ing  w i l l  fo l low t h e  T e s t  P lan  ( r e f .  7 ) .  This  inc ludes  r o t o r s  
o f f  runs t o  o b t a i n  base l ine  a i r f r ame  c h a r a c t e r i s t i c s .  The tests wi th  r o t o r s  
on w i l l  c o n s i s t  of va r ious  phases of s imulated tilt r o t o r  f l i g h t  a t  air- 
speeds from 0 t o  200 knots .  Blade angle ,  conversion angle  ( r o t o r  t i l t )  and 
c o n t r o l  s e t t i n g  w i l l  be  v a r i e d  t o  explore  t h e  performance, dynamics, s t a b i l -  
i t y ,  c o n t r o l ,  l oads  and n o i s e  c h a r a c t e r i s t i c s  i n  near  hover, conversion and 
c r u i s e  conf igura t ions .  The r e s u l t s  of t h e  wind-tunnel i n v e s t i g a t i o n  w i l l  be  
compared t o  p red ic t ed  va lues  t o  be c e r t a i n  a l l  c r i t i ca l  mode ana lyses  are 
v a l i d  and t h a t  t h e  methods proper ly  assess t h e  dynamic c h a r a c t e r i s t i c s ,  capa- 
b i l i t i e s  and opera t ing  behavior  of t h e  t i l t  r o t o r  f l i g h t  research  a i r c r a f t .  
Wind-tunnel demonstrations of o p e r a t i o n a l  s a f e t y  and of t e c h n i c a l  f e a s i b i l i t y  
are requi red  before  i n i t i a t i n g  t h e  subsequent t a s k  l ead ing  t o  f l i g h t  research.  

The Wind-Tunnel T e s t  Operations Group ( s e c t i o n  6.0 and r e f .  8) has 
primary r e s p o n s i b i l i t y  f o r  management and s a f e  conduct of t h e  test  i n  accor- 
dance wi th  t h e  T e s t  P lan  ( r e f .  7),  and t h e  s a f e t y  procedures of r e f e rences  8, 
9 ,  10 ,  and 11. P r i o r  t o  each ope ra t ing  s h i f t ,  a p re- sh i f t  meeting w i l l  be 
he ld  between t h e  40 x 80 S h i f t  Engineer and P r o j e c t  Engineer,  T i l t  Rotor 
Of f i ce  T e s t  D i r ec to r  and Contractor  P r o j e c t  Engineer and r o t o r  o p e r a t o r s  t o  
d e t a i l  t h e  p o r t i o n  of t h e  T e s t  P l an  t o  be implemented during t h a t  s h i f t  based 
on d a t a  r e s u l t s  from completed po r t ions  of t h e  test and t o  a s s u r e  t h a t  t h e  
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requi red  a i r c r a f t  systems, ins t rumenta t ion  and t h e  wind tunne l  and d a t a  acqui- 
s i t i o n  system are ope ra t iona l .  
f i e d  and any p o s s i b l e  hazards w i th  emergency procedures reviewed wi th  t h e  
r o t o r  and tunne l  ope ra to r s .  During test ope ra t ions ,  t h e  assessment of t h e  
s a f e t y  of a p a r t i c u l a r  tes t  cond i t i on  due t o  s t r u c t u r a l  l oads  o r  an i n s t r u-  
mentat ion,  electr ical  o r  mechanical f a i l u r e  and t h e  a u t h o r i t y  t o  t e rmina te  o r  
i n t e r r u p t  t h e  test  because of t h e  hazardous condi t ion ,  are t h e  mutual respon- 
s i b i l i t y  of t h e  40 x 80 S h i f t  Engineer and P r o j e c t  Engineer,  T i l t  Rotor O f f i c e  
T e s t  D i r ec to r  and Cont rac tor  P r o j e c t  Engineer.  Procedures and contingency 
p l ans  t o  counterac t  emergencies w i l l  have previous ly  been def ined  and approved 
( s e c t i o n  5 and r e f .  4 ) .  I f ,  i n  t h e  judgment of any one of t hese  i n d i v i d u a l s ,  
a hazardous test cond i t i on  e x i s t s ,  t h e  test  must be terminated u n t i l  t h e  con- 
d i t i o n  is  remedied o r  t h e  test procedure modified. 

L imi t a t ions  t o  test ope ra t ion  w i l l  be  i d e n t i-  

4.1.5 Post- test refurbishment- Upon completion of t h e  wind-tunnel t e s t i n g ,  
t h e  a i r c r a f t  w i l l  be  removed from t h e  wind tunnel  and a d e t a i l e d  in spec t ion  made 
of t h e  a i r c r a f t  and dynamic components. 
t h e  Contractor  as requi red  t o  b r ing  t h e  a i r c r a f t  t o  f l i g h t  s t a t u s .  The r e fu r-  
bishment w i l l  inc lude  removal of  a l l  ins t rumenta t ion  and hardware p e c u l i a r  t o  
t h e  wind- tunnel t e s t i n g ,  i n s t a l l a t i o n  of a l l  ins t rumenta t ion ,  b a l l a s t  and 
o t h e r  hardware necessary  f o r  conduct of  t h e  f l i g h t  test program. I f  any modi- 
f i c a t i o n s  t o  t h e  a i r c r a f t  are made as a r e s u l t  of a review of t h e  wind-tunnel 
test  r e s u l t s ,  q u a l i f i c a t i o n  tests w i l l  be  conducted as requi red  f o r  new, 
repackaged, o r  modified components and assemblies .  A ground run w i l l  then  be 
performed by t h e  Contractor  t o  complete t h e  p re- f l igh t  and func t iona l  ground 
test  requirements p r i o r  t o  r e l e a s i n g  t h e  a i r c r a f t  f o r  f l i g h t .  

The a i r c r a f t  w i l l  be r e fu rb i shed  by 

4.2< A i r c r a f t  P repa ra t ion  and Remote Systems 

A genera l  d e s c r i p t i o n  of t h e  wind tunnel ,  t h e  a i r c r a f t  support system, 
and i n s t a l l a t i o n  requirements are given i n  r e f e rence  4. 
XV-15 a i r c r a f t  may be mounted and operated i n  t h e  tunne l ,  c e r t a i n  provis ions  
o r  modi f ica t ions  t o  t h e  s h i p ' s  s t r u c t u r e  and hydraul ic ,  f u e l ,  e lectr ical ,  and 
c o n t r o l  systems are requi red .  These provis ions  and modi f ica t ions  are 
descr ibed i n  t h e  fol lowing paragraphs. 

In order  t h a t  t h e  

4.2.1 Support system- The a i r c r a f t  is supported i n  t h e  wind tunnel  on 
a system of t h r e e  s t r u t s  as descr ibed  i n  r e f e rence  4. To accept  t h e  loads  
imposed by attachment t o  t h e  support  s t r u t s ,  a d d i t i o n a l  s t r u c t u r e  has  been 
added t o  t h e  wing and fuse l age  i n  t h e  attachment area. Considerat ion w a s  
given t o  dynamic requirements i n  s e l e c t i o n  of t h e  l o c a t i o n  of t h e  a t t a c h  
po in t s .  Mounted on  t h e s e  attach p o i n t s  are removable adaptor  f i t t i n g s  
(BHT dwg 301-099-017 and -018) t o  which are a t tached  t h e  support s t r u t  b a l l  
socket  t i p  f i t t i n g s  (ARC dwg A5005-D200). 
designed and f ab r i ca t ed .  The b a l l  socket  f i t t i n g s  are suppl ied  by Ames. 
S t r u c t u r a l  i n t e g r i t y  of t h e  s t r u t  a t t a c h  p o i n t s  and f i t t i n g s  w a s  v e r i f i e d  by 
proof l oad  tests. 

The adaptor  f i t t i n g s  are con t r ac to r  

The i n s t a l l a t i o n  of  t h e  a i r c r a f t  i n  t h e  wind tunnel  is  shown i n  
Various s t r u t  and t i p  arrangements are a v a i l a b l e  ( t a b l e  I) .  f i g u r e  4-4. 

Considerat ion w a s  g iven  t o  dynamic c h a r a c t e r i s t i c s  and c l ea rances  ( f i g .  4-5) 
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i n  s e l e c t i n g  t h e  s t r u t  arrangement. 
l anding  gea r  doors  (gear  down) and t h e  support  s t r u t s ,  i t  is planned t o  con- 
duct  a l l  tests wi th  gear  up and t h e  gear  doors on and c losed .  

Because of an  i n t e r f e r e n c e  between t h e  

Clearances f o r  h o i s t i n g  t h e  a i r c r a f t  i n  t h e  tunnel  are shown j n  f i g u r e  4-6. 
Although t h i s  f i g u r e  i n d i c a t e s  r o t o r s  on, i t  i s  planned t o  remove the r o t o r s  
p r i o r  t o  l i f t  i n .  

4.2.2 Remote controz system- T e s t s  of a i r c r a f t  i n  t h e  Ames 40 x 80 Foot 
Wind Tunnel which r e q u i r e  ope ra t ion  of gas  t u r b i n e  engines u t i l i z e  remote 
ope ra t ion  of engine and f l i g h t  c o n t r o l  systems because of s a f e t y  consider-  
a t i o n s  n e c e s s i t a t e d  by t h e  p a r t i c u l a r  t unne l  des ign  (c losed  r e t u r n  and m i n i m a l  
a i r  exchange). For t h e  XV-15, remote ope ra t ion  of t h e  c o n t r o l s  w i l l  be  
through a c t u a t o r s  i n s t a l l e d  i n  t h e  a i r c r a f t  systems as shown i n  f i g u r e  4-7. 
The c o n t r o l s  f o r  ope ra t ion  of t hese  a c t u a t o r s ,  a long wi th  t h e  ins t rumenta t ion  
f o r  monitor ing t h e  condi t ions  of t h e  v a r i o u s  system f o r  t h e  remote ope ra t ion ,  
w i l l  be loca t ed  and d isp layed  on a c o n t r o l  console ,  The l ayou t  of t h i s  con- 
s o l e  i s  shown i n  f i g u r e  4-8. The console  w i l l  be l oca t ed  i n  and opera ted  from 
t h e  wind tunnel  c o n t r o l  room ( r e f .  4 and f i g .  4- 9) .  The remote c o n t r o l  system 
w i l l  be  designed and b u i l t  by BHT and i n s t a l l e d  i n  t h e  a i r c r a f t  and checked 
f o r  f u n c t i o n a l  ope ra t ion  during t h e  l a t te r  po r t ion  of t h e  Ground Tiedown T e s t  
of t h e  a i r c r a f t  ( r e f .  1 2 ) .  

4.2.3 Fuel system- Normal 40 x 80 Foot Wind Tunnel procedures f o r  s a f e  
opera t ion  of engines i n  t h e  wind tunnel  r e q u i r e  e x t e r n a l  supply of f u e l .  
Therefore,  t h e  s h i p ' s  f u e l  tanks w i l l  be  purged and i n e r t e d  as descr ibed  i n  
appendix A .  The f u e l  l i n e s  t o  t h e  engines w i l l  be  connected t o  t h e  wind 
tunnel  supply system and t h e  s h i p ' s  c ross feed  va lve  opened ( f i g .  4-10). Fuel  
l i n e s  t o  t h e  s h i p ' s  tanks w i l l  be disconnected and capped t o  prevent  f u e l  from 
en te r ing  t h e  s h i p ' s  tanks.  
w i l l  be  i n s t a l l e d  i n  t h e  wind tunnel  supply l i n e  where i t  e n t e r s  t h e  wing 
which w i l l  s h u t  o f f  f u e l  t o  both engines.  I n  add i t i on ,  a f u e l  shutof f  va lve  
is loca t ed  i n  t h e  a i r c r a f t  a t  each pylon and i s  con t ro l l ed  from a switch i n  
t h e  f u e l  c o n t r o l  panel  t h a t  w i l l  be removed from t h e  a i r c r a f t  and i n s t a l l e d  
i n  t h e  console .  This va lve  a l s o  c l o s e s  when t h e  f i r e  ex t ingu i she r  handle i s  
pu l l ed .  

A f u e l  shutof f  va lve  opera ted  from t h e  console  

It w i l l  be  t h e  r e s p o n s i b i l i t y  of t h e  c o n t r a c t o r  t o  i n e r t  t h e  f u e l  tanks 
and provide f o r  connect ions t o  t h e  s h i p ' s  system. 
s i b i l i t y  f o r  providing f u e l  t o  t h e  connect ion of t h e  s h i p ' s  system wi th  a 
shutof f  va lve  and f i l t e r  ( f i g .  4-11). P r i o r  t o  t h e  test, t h e  c l e a n l i n e s s  of 
t h e  wind tunne l  suppl ied  f u e l  w i l l  be a sce r t a ined  t o  determine t h a t  i t  i s  
s a t i s f a c t o r y  f o r  connect ion t o  t h e  s h i p ' s  system. 

Ames w i l l  have t h e  respon- 

4.2.4 HydrauZic systems- The s h i p ' s  hydrau l i c  system f o r  ope ra t ion  of 
c o n t r o l  a c t u a t q r s  and motors c o n s i s t s  of  t h r e e  independent systems which pro- 
v i d e  redundancy ( r e f .  1 3  and t a b l e  11 ) .  The systems are suppl ied  from t r ans-  
mission d r iven  hydrau l i c  pumps. For t h e  tests wi th  engines opera t ing ,  t h e  
s h i p ' s  system w i l l  b e  opera t ing .  
aerodynamic c o n t r o l s  ( f l a p s ,  f l ape rons ,  rudders ,  and e l e v a t o r s )  w i th  r o t o r s  
and power o f f  when t h e  s h i p ' s  system would n o t  be ope ra t ing ,  one of t h e  s h i p ' s  

To provide c a p a b i l i t y  f o r  ope ra t ion  of t h e  
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hydraul ic  systems (PC-2) w i l l  have p rov i s ion  f o r  e x t e r n a l  connections t o  t h e  
wind tunnel  hydrau l i c  system through a n  i n t e r f a c e  system as shown i n  
f i g u r e  4-11. 
hydrau l i c  l i n e  wi th in  t h e  wing s t r u c t u r e  a t  t h e  support  s t r u t  l o c a t i o n  f o r  
connection t o  t h e  i n t e r f a c e  system ( f i g .  4-12). The des ign  of t h e  i n t e r f a c e  
w i l l  be  provided by t h e  con t r ac to r .  
l i c  system and t h e  i n t e r f a c e  wi th  the  s h i p ' s  system. 
r e s p o n s i b i l i t y  t o  determine t h e  c l e a n l i n e s s  of t h e  tunne l  system t o  determine 
t h a t  i t  i s  s a t i s f a c t o r y  f o r  connect ion t o  t h e  a i r c r a f t  system. For pre- run 
(power o f f )  checkout of t h e  systems, c a l i b r a t i o n  and t roubleshoot ing ,  access 
t o  t h e  PC-1 and PC-3 s h i p ' s  systems w i l l  u t i l i z e  connect ions i n  t h e  l e f t  main 
gear  wheel w e l l  through a temporary e x t e r n a l  l i n e  t o  t h e  wind-tunnel i n t e r -  
f a c e  system. 

The c o n t r a c t o r  w i l l  provide t h e  f i t t i n g s  i n  t h e  PC-2 system 

Ames w i l l  provide t h e  wind-tunnel hydrau- 
Ames w i l l  have t h e  

4.2.5 EZectricaZ system- When t h e  a i r c r a f t  is mounted i n  t h e  wind 
tunne l ,  e lectr ical  pozer w i l l  be requi red  f o r :  

Pre-run checkout and t roubleshoot ing  
S t a r t i n g  
Operat ion of remote c o n t r o l  a c t u a t o r s  
In s  trumenta t i o n  
Operat ion of a i r c r a f t  e l e c t r i c a l  systems f o r  those  

r o t o r s  o f f  and engines n o t  running 

Normal ope ra t ion  of t h e s e  systems on t h e  ground i s  
ground cart  connected t o  t h e  e x t e r n a l  power plug i n  t h e  

test runs w i t h  

through use  of 
fuse lage .  For 

a 
t h e  

wind-tunnel ope ra t ion ,  e lectr ical  power i s  suppl ied  from f i x e d  DC genera tor  
sets ( r e f .  4) through wir ing  up t h e  support  s t r u t s  t o  t h e  a i r c r a f t  systems 
( f i g .  4-13). The design and p rov i s ions  f o r  connection of t h e  a i r c r a f t  systems 
t o  t h e  wind-tunnel power supply w i l l  be t h e  r e s p o n s i b i l i t y  of t h e  con t r ac to r .  
The wir ing  f o r  t h e  tunnel  i n s t a l l a t i o n  is shown i n  BHT dwg 301-099-014. 

4.2.6 Research instrumentation and data acquisition- Research i n s t r u-  
mentat ion f o r  t h e  wind-tunnel test  c o n s i s t s  of t h e  a i r c r a f t  on-board systems 
( r e f .  14) and t h e  wind tunnel  d a t a  a c q u i s i t i o n  system ( r e f .  4 ) .  The on-board 
systems c o n s i s t  of sensors ,  d a t a  a c q u i s i t i o n ,  s i g n a l  condi t ion ing ,  encoding 
and recording (PCM tape ) .  The con t r ac to r  has  t h e  r e s p o n s i b i l i t y  t o  select 
and program t h e  on-board d a t a  a c q u i s i t i o n  system t o  s a t i s f y  t h e  d a t a  requi re-  
ments of t h e  wind tunnel  test plan.  The con t r ac to r  s h a l l  a l s o  conduct pre- 
and post- run c a l i b r a t i o n  and f u n c t i o n a l  checks of t h e  on-board system t o  
ensure  i ts  accuracy and func t iona l  c a p a b i l i t y  and assist t h e  tunnel  s t a f f  w i th  
t h e  a i r c r a f t / t u n n e l  i n t e r f a c e .  

The vfnd-tunnel d a t a  a c q u i s i t i o n  system is descr ibed  i n  re ference  4 and 
has condi t ion ing ,  monitor ing,  reduct ion ,  a n a l y s i s ,  d i sp l ay ,  and recording 
c a p a b i l i t i e s .  The r e s p o n s i b i l i t y  f o r  implementation, ope ra t ion ,  and main- 
tenance of t h i s  ins t rumenta t ion  and i ts  i n t e r f a c e  wi th  t h e  on-board system i s  
a combined e f f o r t  between t h e  wind-tunnel s t a f f  and Ames support s e rv i ces .  

The on-board r e sea rch  ins t rumenta t ion  and t h e  i n t e r f a c e  wi th  t h e  40 x 80 
d a t a  systems are l i s t e d  i n  t a b l e s  I11 and I V  and shown i n  f i g u r e  4-14. When 

9 



t h e  d e t a i l e d  run  by run test p l a n  has been e s t a b l i s h e d ,  t h i s  ins t rumenta t ion  
l i s t  w i l l  be  p r i o r i t i z e d  t o  i n d i c a t e  c r i t i ca l  channels  which must b e  opera-  
t i v e  f o r  e i t h e r  s a f e t y  o r  d a t a  requirements.  

During t h e  wind-tunnel test, t h e  on-board PCM t a p e  recorder  w i l l  b e  
i n s t a l l e d  i n  t h e  c o n t r o l  room t o  provide  access during a test run. 

4.2.7 Computation and data reduction- Requirements f o r  computation and 
d a t a  reduct ion  and d i s p l a y  w i l l  be  e s t a b l i s h e d  and d e t a i l e d  i n  t h e  Wind- 
Tunnel T e s t  P l an  ( r e f .  7 ) .  Included w i l l  be t h e  type  and format of d a t a  f o r  
monitoring and record ing  and t h e  c a l i b r a t i o n  and c o r r e c t i o n s  t o  be  appl ied  
and summary and re format t ing  requirements.  Po r t ions  of t h i s  computation and 
d a t a  reduct ion  w i l l  be done on- line and displayed and recorded. 
wing/pylon dynamic s t a b i l i t y  and system damping w i l l  be  analyzed on- line us ing  
t h e  wind-tunnel Dynamics Analysis  System ( r e f .  4 )  and t h e  on-board dynamic 
e x c i t a t i o n  system. To f a c i l i t a t e  t h i s  a n a l y s i s ,  d i r e c t  access w i l l  be  pro- 
vided t o  c e r t a i n  s enso r s  on t h e  wing and pylon ( t a b l e  IV). 
t e s t ,  a d d i t i o n a l  computation and d a t a  reduct ion  may be requi red  and w i l l  be 
provided by t h e  Computation Div is ion  through computer t e rmina l s  a t  t h e  wind 
tunnel .  Implementation of t h e  computation and d a t a  r educ t ion  is  t h e  respon- 
s i b i l i t y  of t h e  wind-tunnel s t a f f .  

The r o t o r /  

Following t h e  

4.2.8 Configuration control- The a i r c r a f t  w i l l  be under conf igura t ion  
c o n t r o l  as def ined  i n  t h e  Program Plan.  
ing  a i r c r a f t  modi f ica t ion  o r  component i n s t a l l a t i o n  w i l l  r e q u i r e  NASA/Army 
coord ina t ion .  A con f igu ra t ion  shee t  i n  t h e  a i r c r a f t  l og  book w i l l  maintain 
s t a t u s  of permanent o r  temporary dev ia t ions  from t h e  a s- b u i l t  conf igura t ion .  
T e s t  i t e m s  i n s t a l l e d  temporari ly  w i l l  r e q u i r e  an  e n t r y  i n  t h e  a i r c r a f t  l og  
book. Assembly Inspec t ion  Logs (AIL) f o r  s e r i a l i z e d  assemblies  w i l l  be 
maintained. 

A l l  Engineering Change Orders involv-  

5. PROGRAM SAFETY 

The p r i n c i p a l  system s a f e t y  o b j e c t i v e  f o r  t h e  XV-15 T i l t  Rotor Research 
A i r c r a f t  P r o j e c t  is  t h e  completion of a l l  p r o j e c t  o b j e c t i v e s  without personnel  
i n j u r y  o r  l o s s  of l i f e  and without  s i g n i f i c a n t  proper ty  damage o r  l o s s .  
Assuring accomplishment of t h i s  o b j e c t i v e  involves  p repa ra t ion  of s a f e t y  p lans ,  
i d e n t i f i c a t i o n  of r e s p o n s i b i l i t y  of a l l  involved p a r t i c i p a n t s ,  adherence t o  
app l i cab le  cri teria and t h e  p rov i s ions  f o r  s a f e t y  a n a l y s i s  reviews and analy- 
sis of t h e  test system. The test system is def ined  t o  encompass t h e  a i r c r a f t  
and i ts  components, i n t e r f a c i n g  subsystems, equipment, ins t rumenta t ion  and 
test crews. Requirements, p rovis ions ,  and r e s p o n s i b i l i t y  f o r  a s su r ing  s a f e  
conduct c :  t h e  wind tunne l  tests a t  Ames are defined i n  r e f e rences  8 t o  11. 
These r e fe rences  enumerate t h e  s p e c i f i c  a n a l y s i s  and documentation t o  be  
submitted t o  t h e  Ames Management p r i o r  t o  start of t e s t i n g  and inc lude  problem,’ 
f a i l u r e  r epo r t ing ,  wind tunne l  ope ra t ing  hazard a n a l y s i s  and inc iden t  and/or  
acc ident  i n v e s t i g a t i o n  and r epor t ing  procedures and r e s p o n s i b i l i t i e s .  
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5.1 Systems Sa fe ty  Analysis  

c 

r 

The Systems Sa fe ty  Analysis  Report i s  t h e  primary document which enumer- 
ates t h e  aircraft and test ope ra t ion  s a f e t y  p rov i s ions  f o r  conduct of t h e  
wind-tunnel tests. This  document w i l l  be  prepared by t h e  c o n t r a c t o r  i n  accor- 
dance wi th  r e f e rence  4 and submit ted f o r  approval  a t  least 30 days p r i o r  t o  
start of t e s t i n g .  The Sa fe ty  Analysis  w i l l  c o n s i s t  o f  a gross  hazard s tudy  
o r  comprehensive assessment of t h e  s a f e t y  f e a t u r e s  of t h e  a i r c r a f t  and test  
systems t o  adequate ly  e v a l u a t e  t h e  wind-tunnel test procedures ,  p recaut ions ,  
f a c i l i t i e s ,  and c a p a b i l i t i e s  i n  r e l a t i o n  t o  a p p l i c a b l e  s a f e t y  cr i ter ia  t o  
v e r i f y  t h a t  t h e  XV-15 may be s a f e l y  t e s t e d  i n  t h e  wind tunnel .  The s a f e t y  
engineering a n a l y s i s  s h a l l  be  made i n  s u f f i c i e n t  depth t o  a s s u r e  maximum 
s a f e t y  c o n s i s t e n t  w i th  ope ra t ion  requirements.  Spec ia l  emphasis w i l l  be  
placed on emergency procedures  and o t h e r  s a f e t y  f e a t u r e s .  Addi t iona l ly ,  t h e  
s a f e t y  a n a l y s i s  w i l l  inc lude  p re- tes t  p r e d i c t i o n s  of l o a d s ,  f a t i g u e  l i f e ,  and 
dynamic s t a b i l i t y  t o  e s t a b l i s h  boundary condi t ions  f o r  s a f e  test  opera t ion .  

5.1.1 Pre-test analysis- A p re- tes t  a n a l y s i s  w i l l  be  made by t h e  con- 
t r a c t o r  which w i l l  inc lude  an estimate of l oads  on cr i t ica l  members, f l app ing  
angles ,  dynamic modes, and level  of s t a b i l i t y  t o  cover expected cond i t i ons  
wi th in  t h e  test  envelope. A w r i t t e n  summary w i l l  b e  furn ished  a t  least 
2 months p r i o r  t o  t h e  tests. 

5.1.1.1 Loads and s t r e n g t h  eva lua t ion :  For t h e  a i r p l a n e  as mounted 
on t h e  support  system i n  t h e  wind tunnel ,  t h e  con t r ac to r  w i l l  provide esti- 
mates of t h e  maximum loads ,  both s teady  and dynamic, t o  be  expected during t h e  
wind tunnel  tests and c a l c u l a t e  t h e  s t r e n g t h ,  s a f e t y  margins and f a t i g u e  l i f e  
of c r i t i c a l  elements.  The a n a l y s i s  w i l l  a l s o  inc lude  h o i s t i n g  s l i n g s ,  s t r u t  
adaptors ,  and any o t h e r  s t r u c t u r a l  components used f o r  t h e  wind tunnel  test.  
Subs t an t i a t i on  of t h e s e  estimates w i l l  be  made where test d a t a  is  a v a i l a b l e .  
Components are considered c r i t i c a l  i f  f a i l u r e  could r e s u l t  i n  l o s s  of t h e  a i r-  
c ra f t ,  personnel  i n j u r y ,  damage t o  t h e  tunnel  o r  scale system, o r  te rmina t ion  
of t h e  test. The maximum loads  expected t o  b e  imposed on t h e  s t r u t s  and scale 
system w i l l  a l s o  be c a l c u l a t e d  by t h e  c o n t r a c t o r  t o  a s s u r e  t h a t  they  are 
wi th in  t h e  capac i ty  of t h e s e  systems as s t a t e d  i n  r e f e rence  4 .  

5.1.1.2 Dynamic s t a b i l i t y :  The c o n t r a c t o r  w i l l  estimate t h e  air-  
c r a f t  and r o t o r  s t a b i l i t y  boundaries f o r  comparison wi th  t h e  test  ope ra t ing  
boundaries.  The coupled a i r c r a f t ,  tunnel  suppor t  and balance dynamics w i l l  
a l s o  be analyzed t o  determine p o t e n t i a l  resonances.  
tunnel  s t a f f  w i l l  make a n  independent ana lys i s .  I f  resonance problems a t  
ope ra t ing  cond i t i ons  are ind ica t ed ,  recommendations w i l l  be made f o r  change 
i n  s t i f f n e s s  and/or mass c h a r a c t e r i s t i c s  t o  avoid p o t e n t i a l  resonances o r  t h e  
test p l a r  w i l l  be  modified t o  avoid t h e  resonances.  Af t e r  t h e  a i r c r a f t  is 
i n s t a l l e d  i n  t h e  wind tunne l ,  shake tests w i l l  be made p r i o r  t o  wind on 
t e s t i n g  t o  vePi fy  p red ic t ed  mode shapes, f requencies ,  and damping va lues .  

The 40 x 80 f o o t  wind 

5.1.2 Simulation and crew training- P r i o r  t o  t h e  wind-tunnel tests, 
crew t r a i n i n g  i n  ope ra t ion  of t h e  remote systems w i l l  be  conducted. This 
t r a i n i n g  w i l l  occur  dur ing  t h e  latter p a r t  of t h e  Ground Tiedown T e s t  a t  t he  
c o n t r a c t o r ' s  f a c i l i t y  fol lowing i n s t a l l a t i o n  and func t iona l  checkout of t h e  
remote system ( s e c t i o n  4.1.1).  
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Also, i f  t i m e  and f a c i l i t i e s  a v a i l a b i l i t y  permit ,  i t  is  planned t o  con- 
duct  a s imu la t ion  of t h e  test  ope ra t ion  a t  Ames us ing  components of t h e  FSAA 
s imula tor .  This  s imula t ion  w i l l :  

- Evaluate  procedures f o r  s a f e  ope ra t ions  of  t h e  a i r c r a f t  i n  t h e  
wind tunnel .  

- T r a i n  ope ra to r s  i n  bo th  normal and emergency ope ra t ing  procedures.  

- Provide a p re- tes t  wind-tunnel d a t a  p r e d i c t i o n s  c a p a b i l i t y  t o  
eva lua t e  ope ra t ing  cond i t i ons  f o r  proximity t o  boundaries  and 
i d e n t i f y  p o t e n t i a l l y  dangerous emergency condi t ions .  

This  s imula t ion  w i l l  use t h e  complete a i r c r a f t  math model without  FFS 
o r  SCAS t h a t  w a s  used f o r  t h e  f l i g h t  s imula t ion .  Inputs  t o  t h e  math model 
w i l l  be  ad jus t ed  t o  correspond t o  t h e  a i r c r a f t  as mounted i n  t h e  wind tunnel .  

The s imula t ion  w i l l  be conducted in-house. I f  f e a s i b l e ,  t h e  s imula t ion  
w i l l  inc lude  an ope ra to r  t r a i n i n g  po r t ion  and w i l l  involve  both t h e  40 x 80 
f o o t  wind tunne l  and c o n t r a c t o r  personnel .  

5.1.3 
Sa fe ty  Analysis ,  t h e  con t r ac to r  w i l l  d e f i n e  test  start up and shutdown proce- 
dures ,  i d e n t i f y  a l l  probable f a i l u r e s  i n  t h e  va r ious  a i r c r a f t  and tunnel  sys- 
t e m s  and e v a l u a t e  t h e i r  impact on t h e  s a f e  ope ra t ion  of t h e  test .  H e  w i l l  
determine t h e i r  p r o b a b i l i t y  of occurrence and r e s u l t i n g  hazards and develop 
emergency procedures  t o  cope wi th  the  f a i l u r e .  

Operation and monitoring procedures- A s  p a r t  of t h e  Systems 

Procedures f o r  monitoring s p e c i f i c  test parameters f o r  determining prox- 
imi ty  t o  test boundaries ,  load  l i m i t s ,  etc.  w i l l  be  provided by t h e  con t r ac to r  
p r i o r  t o  t h e  tes t  i n  t h e  form of an  Ins t rumenta t ion  T e s t  Plan.  This  p l an  
w i l l  show i n  d e t a i l  t h e  components instrumented,  ins t ruments  used, c i r c u i t  
diagrams, and c a l i b r a t i o n s .  The ins t rumenta t ion  l is t  w i l l  be  p r i o r i t i z e d  t o  
i n d i c a t e  which channels  must be o p e r a t i v e  t o  start o r  t o  cont inue each test 
run. Addi t iona l  d e t a i l s  of t h e  d a t a  a c q u i s i t i o n  system are given i n  sec-  
t i o n  4.2.6. 

Any i n c i d e n t s  o r  acc iden t s  t h a t  occur  w i l l  be  i nves t iga t ed  and repor ted  
i n  accordance w i t h  t h e  requirements  of r e f e rence  11. 

5.1.4 Fire  protection- A f i r e  d e t e c t i o n  and ex t inguish ing  system is  
incorpora ted  i n  t h e  a i r c r a f t .  This system is  p i l o t  opera ted .  For t h e  wind- 
tunnel  tests, t h e  f i r e  i n d i c a t i o n  and ope ra t ion  of t h e  ex t inguish ing  system 
w i l l  be moved from t h e  cockpi t  t o  t h e  remote c o n t r o l  console  ( f i g .  4- 8) .  The 
f i r e  ex t inguish ing  system a l s o  inc ludes  a f u e l  shutof f  a t  t h e  pylons which 
c l o s e s  when t E - .  f i r e  handle is  pul led .  Addi t iona l  c o n t r o l  of f u e l  flow is 
descr ibed  under Fuel  System i n  s e c t i o n  4.2.3.  

5.1.5 hergency egress system- An emergency eg res s  system i s  i n s t a l l e d  
i n  t h e  a i r c r a f t  f o r  f l i g h t  ope ra t ions  and inc ludes  p i l o t  and co- pi lo t  e j e c t i o n  
seats ( r e f .  15)  and emergency release s i d e  and overhead panels .  For t h e  wind- 
+unnel  tests, t h e  b a l l i s t i c s  f o r  t h e  e j e c t i o n  seats and t h e  de tona tor  chord 
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f o r  window release w i l l  be  e i t h e r  removed, disarmed o r  o therwise  s a f e t i e d .  
The con t r ac to r  has  r e s p o n s i b i l i t y  f o r  d e a c t i v a t i o n  of  t h e  eg re s s  system. 

5.2 Viewing System 

Because of hazards from p a r t s  t h a t  may be  r e l ea sed  as a r e s u l t  of a 
s t r u c t u r a l  f a i l u r e  on t h e  a i r c r a f t  most of t h e  tunnel  s i d e s ,  inc luding  view- 
ing  windows, are covered wi th  armor p l a t e .  Visual  monitor ing of t h e  a i r c r a f t  
i n  t h e  tunnel  during t h e  test w i l l  be  provided by c losed  c i r c u i t  t e l e v i s i o n  
( r e f .  4 )  us ing  fou r  remote TV cameras having scan  and zoom c a p a b i l i t y .  The 
system has provis ion  f o r  1 0  camera l o c a t i o n s  and inc ludes  3 video r eco rde r s  
and 5 monitors.  

5 .3  T e s t  Readiness Review 

To a s s u r e  t h a t  a l l  a s p e c t s  of test planning,  o p e r a t i o n  s a f e t y ,  and emer- 
gency procedures have been proper ly  considered p r i o r  t o  s ta r t  of tests a l l  
i t e m s  p e r t i n e n t  t o  t h e  proposed tests w i l l  be  reviewed by personnel  from t h e  
wind tunne l ,  p r o j e c t  o f f i c e ,  and t h e  con t r ac to r .  The T e s t  Readiness Review 
and o the r  c h e c k l i s t s  w i l l  be submitted t o  t h e  40 x 80 f o o t  wind tunnel  opera- 
t i o n s  manager and branch ch ief  f o r  review and approval .  Approval is  requi red  
be fo re  tests w i l l  be  permit ted t o  start. 

6.  SUPPORT REQUIREMENTS 

Although t h e  o v e r a l l  d i r e c t i o n ,  management, and coord ina t ion  of t h e  wind 
tunnel  test  program is  t h e  r e s p o n s i b i l i t y  of t h e  XV-15 P r o j e c t  Of f i ce ,  accom- 
plishment of t h e  d e t a i l e d  t a s k s  is  a combined e f f o r t  by many groups. These 
inc lude  : 

Contractor  
Large Sca le  Aerodynamics Branch 
A i r c r a f t  Serv ices  Branch 
A i r c r a f t  Inspec t  ion  Branch 
Simulat ions I n v e s t i g a t i o n s  Branch 
Photo Technology Branch 
Computer Systems Branch 
R&QA O f f i c e  

Primary support  f o r  t h e  wind tunne l  tests is  provided by t h e  Ames Large 
Sca le  Aerodynamics Branch through t h e i r  T e s t  Operat ions Group and Rotary Wing 
Group. Suppo x i n g  services from o the r  o rgan iza t ions  a t  Ames is  author ized  by 
re ference  16.  
shown i n  f i g u r e  6-1 and 6-2. 
s i b i l i t y  w i t h  overlapping assignments f o r  var iol is  phases of t h e  support  
requirements.  These include:  

The o rgan iza t iona l  s t r u c t u r e  f o r  t h e  support ing services i s  
Much of t h e  support  e f f o r t  is a dua l  respon- 
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Planning 
Hardware 
Operat i on  
Report ing 

The d i s t r i b u t i o n  of r e s p o n s i b i l i t y  is  summarized i n  t a b l e  V. 

7. REPORTING AND DOCUMENTATION 

P r i o r  t o ,  dur ing ,  and fol lowing t h e  tunnel  test ,  va r ious  planning docu- 
ments, schedules ,  p rogress  and d a t a  r e p o r t s  w i l l  be requi red .  Some of  t h e s e  
have been d iscussed  i n  o t h e r  s e c t i o n s  and are included i n  the fol lowing sununary 
of t h e  documentation and r e p c r t i n g  requi red  f o r  t h e  wind-tunnel test.  These 
inc lude  : 

T e s t  P lan  
Ins t rumenta t ion  P lan  
System Sa fe ty  Analysis  
Wind Tunnel Operating Hazard Analysis  
F a i l u r e  Reporting 
Incident /Accident  Reports  
T e s t  Readiness Report 
T e s t  Emergency Procedures 
Engine/Rotor Operators  Run Checkl i s t  
T e s t  Report 

I n  a d d i t i o n  t o  t h e  above, c e r t a i n  wind tunnel  r e l a t e d  documentation is  
requi red  t o  a s s u r e  proper ope ra t ion  of support equipment during t h e  test .  
These are descr ibed  i n  r e f e rence  8 and inc lude :  

P repa ra t ion  Check1 is  t 
T e s t  Sec t ion  
Ins t rumenta t ion  
A i r c r a f t  Mechanics 

Balance House Pre-Run Checkl i s t  
Prevent ive  Maintenance Work Sheet 

Mechanical 
Electrical 

P repa ra t ion  of t h e s e  l a t t e r  documents is  t h e  r e s p o n s i b i l i t y  of t h e  Tunnel 
Operations Group and are u s u a l l y  implemented on e i t h e r  a r egu la r  maintenance 
schedule o r  as p a r t  of t h e  test prepara t ion .  

7.1 T e s t  P l an  

A p lan  f o r  conduct of t h e  wind tunnel  test s h a l l  be prepared and sub- 
mi t t ed  by t h e  con t r ac to r  i n  accordance wi th  t h e  requirements of r e f e rences  4 
and 5. A d r a f t  ve r s ion  of t h e  p l an  s h a l l  be  submitted twelve (12) months 
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prior to the test which shall include a brief discussion of test objectives, 
scope and duration, and indicate test techniques, range of test variables, 
test configurations and data requirements. Details of the plan shall be 
finalized and submitted two (2 )  months prior to the test and include a 
detailed description of each run stating the test configuration, test vari- 
ables, and instrumentation and data reduction. 

The Test Plan shall also define the specific government/contractor per- 
sonnel requirements and responsibilities, sharing of instrumentation, data 
reduction and operations tasks. 

7.2 Instrumentation Plan 

Data requirements for the wind-tunnel test are identified in the Test 
Plan. The instrumentation for this data measurement is described in refer- 
ence 14. 
and submitted by the contractor showing in detail the components instrumented, 
sensor calibrations and expected ranges, circuit diagrams, and the interface 
with the wind-tunnel instrumentation, and the instrumentation and display 
requirements. The instrumentation list will be prioritized to indicate which 
channels must be operative for either safety or data requirements. All crit- 
ical channels must be operative prior to start of each run. 
critical channel will require termination of the run. 

For the wind-tunnel test, an Instrumentation Plan shall be prepared 

Failure of any 

From this plan, the Wind-Tunnel Instrumentation Group will prepare an 
instrumentation document detailing the interface and instrumentation and 
display requirements and the sensor channel location on each of the wind- 
tunnel instruments and displays. 

7.3 Systems Safety Analysis Report 

A report presenting the results of the systems safety analysis described 
in section 5.1 shall be prepared and submitted by the contractor. A s  indi- 
cated in reference 5, portions of the report are required to be submitted up 
to six (6) months prior to the test date. 
(1) month prior to test. 

The complete report is required 

7.4 Wind-Tunnel Operating Hazard Analysis 

A hazard analysis will be performed on hazards that could occur during 
the wind tunnel test. The analysis will consider those procedures unique 
to wind-Zunnel operations. 
in a format determined by the contractor. 

Reports of pertinent hazards will be presented 
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7.5  F a i l u r e  Reporting 

F a i l u r e  and Maintenance Action Reports  s h a l l  be  prepared and submitted 
by t h e  c o n t r a c t o r  i n  accordance wi th  NAS2-7800 r epor t ing  requirements.  
These r e p o r t s  s h a l l  be  prepared and submit ted i n  s tandard  con t r ac to r  format.  

7.6 Incident /Accident  Reports  

Requirements f o r  Incident /Accident  i n v e s t i g a t i o n s  and r epor t ing  proce- 
dures  and r e s p o n s i b i l i t i e s  are def ined  i n  r e f e rence  11. 

7.7 T e s t  Readiness Report 

The T e s t  Readiness Report is  descr ibed  i n  r e fe rence  8 and s e c t i o n  5 . 3 .  
This  r epo r t  must be submitted f o r  review and approved by t h e  Wind-Tunnel 
Operations Manager and Branch Chief be fo re  tests w i l l  be  permit ted t o  start. 

7.8 T e s t  Emergency Procedures 

Emergency ope ra t ion  procedures are developed as p a r t  of t h e  Systems 
Sa fe ty  Analysis.  These procedures w i l l  be prepared and d isp layed  i n  a format 
r e a d i l y  a v a i l a b l e  t o  t h e  o p e r a t o r s  and test engineers  during test opera t ion .  
P r i o r  t o  each run,  t h e  a p p l i c a b l e  procedures w i l l  be reviewed and during any 
emergency t h e s e  procedures  w i l l  be  s t r i c t l y  adhered to .  

7.9 Engine/Rotor Opera tor ' s  Checkl i s t  

I n  accordance wi th  t h e  planning requirements of r e f e rence  4 ,  an  oper- 
a t o r ' s  run  c h e c k l i s t  w i l l  be prepared.  This  l i s t  w i l l  be  displayed where i t  
w i l l  be r e a d i l y  a v a i l a b l e  t o  t h e  ope ra to r s  during test ope ra t ions ,  and w i l l  
inc lude  procedures f o r :  

This  
test 

Pre-s t a r t  
S t a r t  
Operating l i m i t s  
Monitoring and d a t a  requirements 
Shutdown 

7.10 T e s t  Report 

A f i n a l  wind tunne l  test r e p o r t  s h a l l  be  prepared by t h e  con t r ac to r .  
r epo r t  s h a l l  inc lude  a s tatement  of t h e  test o b j e c t i v e s ,  test procedures ,  
con f igu ra t ion ,  a d i scuss ion  of t h e  test r e s u l t s ,  and conclusions.  The 

review of t h e  r e s u l t s  shall  i nc lude  recommendations as t o  whether modifica- 
t i o n s  t o  t h e  r e sea rch  a i r c r a f t  are d e s i r a b l e  p r i o r  t o  i n i t i a t i o n  of t h e  f l i g h t  
program. 
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APPENDIX A 

FUELING PROCEDURES FOR W I N D  TUNNEL OPERATION 

A1.O 

A l .  1 

A1.2 

A1.3 

A1 .4  

A l .  5 

A1.6 

A1.7 

A 1 . 8  

A l .  9 

Al.10 

A l .  11 

Wing Tank Defueling Procedure 

The fol lowing de fue l ing  procedures  are t o  be  used f o r  t h e  
BHT 301-060-600 f u e l  system i n s t a l l a t i o n  (wing) i n  p repa ra t ion  f o r  
t h e  wind-tunnel tests ( r e fe rence  BHT dwg 301-099-016). 

A i r c r a f t  t o  be  as level as poss ib l e .  

Observe t h e  requirements of BHT Report 301-959-001, XV-15 A i r c r a f t  
Fuel  Cells, Draining, Purging and P res su r i z ing  Procedures.  

At tach  a hose t o  t h e  de fue l  valve. The open end of t h e  hose must 
b e  passed overboard and placed i n  a r e s e r v o i r  so  t h a t  g r a v i t y  w i l l  
permit  f u e l  t o  be drained.  
hose can be a t t ached .  

Ex i s t i ng  cap must be removed be fo re  

Open t h e  de fue l  valve.  
t h e  valve.  

This  is  opera ted  manually by a handle on 

From t h e  p i l o t ' s  console ,  p o s i t i o n  t h e  switch t h a t  ope ra t e s  t h e  
e q u a l i z e r  valve t o  t h e  open p o s i t i o n  ( read  TANK INTCON). 

When t h e  tanks are deple ted  of f u e l ,  c l o s e  t h e  de fue l  va lve  and 
disconnect  t h e  d r a i n  hose. 

Operate  t h e  sump d r a i n  va lves  (one i n  each wing) ca tch ing  t h e  f u e l  
i n  a conta iner  u n t i l  t h e  tanks are empty. 

Purge t h e  tanks observing s a f e t y  i n s t r u c t i o n s  of BHT 
Report 301-959-001. 

Break i n t o  t h e  vent  l i n e s  a t  t h e  p o i n t s  i nd ica t ed  and add one cap 
i n  each wing t o  t h e  tank  s i d e  p o r t i o n  of t h e  l i n e .  

At tach  a hose t o  t h e  de fue l  va lve  ( o r  more convenient opening t o  
tanks) .  At tach  t h e  o t h e r  end of t h e  hose t o  t h e  n i t rogen  supply. 
Add t h e  system p res su re  r e l i e f  va lve  and t h e  system p res su re  gage 
t o  t h e  n i t r o g e n  supply as shown on BHT dwg 301-099-016. With t h e  
de fue l  va lve  and t h e  e q u a l i z e r  va lve  i n  t h e  open p o s i t i o n ,  f i l l  t h e  
ce l l s  p e r  s a f e t y  i n s t r u c t i o n s .  

Note: I f  a l t e r n a t e  opening is  used,  t h e  d e f u e l  va lve  must be  
closed.  

Follow t h e  s a f e t y  p l a n  t o  t h e  conclusion of t h e  purge procedure. 
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APPENDIX A (Cont.) 

A2.0 

A2.1 

A2.2 

A2.3 

A2.4 

A2.5 

A2.6 

Fuel ing Procedure P repa ra t ion  

Following are t h e  f u e l i n g  procedures  i n  p repa ra t ion  f o r  t h e  wind 
tunne l  tests. 

Break t h e  c ross feed  l i n e  as shown on BHT dwg 301-099-016 and 
add (2)  AN929-10 caps ( 1  L/H and 1 R/H) t o  t h e  e x i s t i n g  tee 
f i t t i n g s  . 
Plug and stow t h e  hose wi th  AN 806-10D plug ,  L/H and R/H. 

Operate t h e  c ross feed  valve t o  t h e  open p o s i t i o n  by ope ra t ing  t h e  
swi tch  on t h e  p i l o t ' s  console  ( r eads  FUEL XFEED). 

On t h e  R/H wing only,  open t h e  e x i s t i n g  l i n e  by removing a cap on 
t h e  tee provided. 

Attach t h e  hose ind ica t ed  t o  t h e  open p o r t  i n  t h e  tee. Add t h e  
connectors  as shown. Add t h e  f i l t e r  and t h e  upper tube  as ind ica t ed .  
Add t h e  middle tube  and t h e  tee t o  t h e  base  of t h e  f i l t e r  as shown. 
The tee must have (2) unions and (2) packings assembled t o  t h e  tee 
p r i o r  t o  t h e  attachment of t h e  tube assemblies .  Attach t h e  busing 
o r  reducer  w i th  (1) MS 29512-10 packing. Add t h e  p re s su re  switch 
and (1) MS 29512 packing. Wire as ind ica t ed .  Add t h e  lower tube  
assembly t o  t h e  base  of t h e  tee. Add t h e  va lve  a f t e r  a t t a c h i n g  
(2) connectors  as shown. 

Note: The i t e m s  i n  t h i s  s t e p  of t h e  procedure t o  be i n s t a l l e d  on 
t h e  i n s i d e  o r  t h e  o u t s i d e  of t h e  wind-tunnel s t r u t  f a i r i n g  as 
determined by NASA personnel .  

At tach  t h e  hose from t h e  va lve  t o  t h e  f a c i l i t y  r egu la to r .  
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Table I . -  Angle of  Attack Range f o r  the X V- 1 5  i n  the 
Ames 40- by 80-Foot Wind Tunnel 

/ I  
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Component 

Fore/  a f t  cy c 1 i e 
E 1 ev a t  o r  

F1 aperon 

Rudder 

L a t e r a l  c y c l i c  

Ex c i  t a t  i on 

Conv e rs i o n  

Col l e c t  i v e  

RPM governor 

SCAS - P i t c h  
Rol l  
Yaw 

Force Fee l  - 
P i t c h  
Roll  
Yaw 
P i t c h  

Tr im 

Emergency 1 

convers ion 

He a t  ex changer 

Landing gear  

blower 

TABLE 

T 

T 
T+ 

S 
S 
S 
D 
T+ 

T 

D 
D 
S 

S 
S 
S 

S 

I0.t or 

l o t o r  

S 

E .- WDRALJLIC POWER DISTRIBUTION 

Subsystem 

Swivel l o c a t i o n  
ou tboa rd  (pylon) ] inboard  (pylon) 

Pump l o c a t i o n  
L/H transmission I R/H transmissior 

PC 1 I PC 2 I PC 3 

I i nboa rd  ( s p i n d l e )  

L/H t r a n s m i s s i o n  

*I 

x2 

X 

X 

X 
2 , 3  

Remarks : 
Type 

T Tandem a c t u a t o r  
..- T+ 

D Dual a c t i i a t o r  
S S i n g l e  a c t u a t o r  

Tan? in a c t u a t o r  w i t h  s h u t t l e  v a l v e  t o  pe rmi t  PC, backup f o r  PC, 

Subsc r ip t s :  
1. 

2, 

Employed upon loss o f  PC, 

I s o l a t e d  from PC3 upon l o s s  of PC, o r  PC, 

3. Pneumatic backup employed a f t e r  loss  of PC,, or PC,. 
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Figure 4-6.- Hoisting arrangement. 
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